ABSTRACT Transmission electron microscopy (TEM) was used to study two types of endocrine cells from the midgut of adult female Lutzomyia longipalpis (Lutz & Neiva). Endocrine cells rarely have been observed in Nematocera, even using TEM, and were present in small numbers dispersed among the monolayer of midgut digestive epithelial cells. Triangular shaped "closed" cells were observed along the basement membrane, bounded on each side by digestive cells; these cells closed distally before reaching the epithelial lumen. These endocrine cells appeared to deliver active granules that were secreted through a cellular membrane into the hemolymph. A second cell type occupied a similar position to the closed cells, but opened into the midgut lumen via microvilli, where the secretory products may be delivered. Each cell type possessed both electron-lucent and electronÐ dense vesicles with secretory granules which may indicate different stages in maturation and activity. These granular secretory products are probably peptidergic substances, with secretion mediated by diet via basal and baso-lateral receptors that were bound to membranes or microvilli.
Lutzomyia longipalpis (LUTZ & NEIVA), the principal vector of American zoonotic visceral leishmaniasis (Tesh 1995 , Uribe 1999 , is one of the most important species of New World sand ßies. Amastigotes of Leishmania chagasi Cunha & Chagas, the etiological agent of this leishmaniasis, ingested with the blood meal multiply and develop to infective forms in the midgut of Lu. longipalpis, then migrate toward the head for possible transmission to a new host during the next blood feeding (Walters et al. 1989 , Elnaiem et al. 1994 .
Endocrine cells of the insect midgut may be distinguished from other cells of the digestive system based on their Þne structure (Billingsley and Lehane 1996) . Although previous studies have been conducted on midgut epithelial cells in phlebotomines (Gemetchu 1974, Rudin and Hecker 1982) , entero-endocrine cells have not been described previously. Herein, two types of endocrine cells in the abdominal midgut of Lu. longipalpis are described based on ultrastructural observations.
Materials and Methods
Adult female Lu. longipalpis were obtained from our colony that was maintained using procedures described by Modi and Tesh (1983) . Sand ßies were allowed to feed on hamsters previously anesthetized with Thionembutal. Engorged insects were maintained at 25ЊC and Ͼ90% RH for 6 h before the midgut was excised. At least 10 midguts were Þxed in 3% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4) at 4ЊC for 4 h. PostÞxation consisted of 1% osmium tetroxide in the same buffer for 1 h at 4ЊC. The midguts were rinsed in distilled water, stained with 0.3% tannic acid for 1 h, rinsed again, and then stained with 2% uranyl acetate overnight at 4ЊC. Ethanol and propylene oxide series were used for dehydration, and then the tissues were embedded in TAAB resin (TAAB, Berkshire, UK). Sections (60 Ð 80 m) were cut with a diamond knife using a Reichert-Jung ultramicrotome.
Midguts within ultrathin sections were mounted on 300-mesh copper grids, stained with uranyl acetate and ReynoldÕs lead citrate, and photographed using a EM-10 Zeiss transmission electron microscopy (TEM).
Results
Two types of endocrine cells, particulary in the posterior gut region, were observed surrounded by digestive cells in the Lu. longipalpis abdominal midgut epithelium. Both types of cells usually were seen in ultrathin sections that included areas of muscle and Malpighian tubules adjacent to the basement membrane. The Þrst type consisted of triangular shaped "closed" cells, located along the basement membrane and adjacent on either side to digestive cells. These cells closed distally before reaching the epithelial lumen (Fig. 1) . The distal extremity of each cell was in contact with a septate junction of the digestive cells, (27,540ϫ) . b, blood; bm, basement membrane; cj, cellular junction; he, hemocoel, lb, lamellar body; mc, muscle; mi, mitochondrion; mt, Malpighi tube; mv, microvilli; nu, nucleus; rer, rough endoplasmic reticulum; ser, smooth endoplasmic reticulum. which extended to the midgut microvilli. The nucleus was large and round, with small amounts of dispersed chromatin. The cytoplasm had a lower electron density and exhibited several large vesicles containing secretory granules, many ribosomes, and scattered areas of convoluted cisternae of the endoplasmic reticulum. The Golgi complex was not observed, and mitochondria were scarce. Large granular secretory vesicles of different sizes (both electron-lucent and electron-dense) were more concentrated at the base of the cells than at the apex (Figs. 2 and 3) . The electron dense vesicles were haloid; i.e., consisted of a round central dark disc encircled by a clear narrow ring. The second type of cell was bottle-shaped "open" cells and, although occuping a similar position to the "closed" cell, opened distally into the midgut lumen via a tuft of microvilli. The distal region of an open cell is shown in Fig. 4 . The cytoplasm of the cell bore vesicles with secretory granules that were similar to those of the "closed" cell in which the granules were distributed abundantly in the apical cytoplasm near to the epithelial lumen. Lamellar bodies always were present in this type of cell.
Discussion
The midgut of phlebotomine sand ßies, such as those found in other hematophagous insects, is of endodermal origin and can be divided into anterior (thoracic) and posterior (abdominal) regions. Each region consists of an epithelial monolayer with three groups of cells: digestive (dominant), degenerative (few) and endocrine cells (very few) (Billingsley and Lehane 1996) . The female abdominal midgut, where the blood meal is stored and digested (Lehane 1991) has been studied in Phlebotomus longipes Parrot & Martin (Gemetchu 1974) and Lu. longipalpis (Rudin and Hecker 1982) . However, only Rudin and Hecker (1982) mentioned the presence of clear cells containing secretory granules, which they did not identify as endocrine cell.
Fine ultrastructural observations in other bloodfeeding insects have revealed the presence of small numbers of endocrine cells, dispersed among the digestive cells of the midgut epithelium (Billingsley 1990) , which are morphologically similar to those of Lu. longipalpis. The infrequency of endocrine cells seen in the Lu. longipalpis midgut did not permit calculation of total number. However, 500 endocrine cells were estimated to occur in the midgut of adult female Aedes aegypti (L.), the majority of which were "closed" (Brown et al. 1985) . Endocrine cells were more abundant in the abdominal midgut compared with the thorax region in Ae. aegypti, Anopheles gambiae (Giles), An. stephensi (Liston) and Culex quinquefasciatus Say (Hecker 1977 , Brown et al. 1985 . Variations in electron density and topography of the granular secretory vesicles seen within Lu. longipalpis endocrine cells also have been observed in other insects, including mosquitoes (Billingsley and Lehane 1996) , and probably indicate different stages of cell maturation and activity. The synthesis and secretion of products from the endocrine cells of Lu. longipalpis may occur in response to stimuli received immediately after the ingestion of blood. This phenomenon has been demonstrated in Ae. aegypti where immunoreactivity to peptides decreased almost one-half about 6 h after blood feeding (Brown et al. 1986 ). The delivery of secretory vesicles from "closed" cells in Lu. longipalpis may occur by exocytosis along the basal and baso-lateral cell membranes, similar to that observed in Ae. aegypti (Brown et al. 1985) . The vesicular products of "open" cells are secreted mainly into the midgut lumen through the microvilli. The products secreted by the midgut endocrine cells of Lu. longipalpis are peptides and amines which have been determined in other insects Lea 1989, Sehnal and Zitnan 1996) . Our preliminary observations encourage further studies on the delivery of secretory products by midgut endocrine cells in Lu. longipalpis using immunocytochemistry.
